ABSTRACT A randomized complete block design within a factorial arrangement of treatments was used to evaluate the effect of strain and sex on carcass characteristics, meat quality, and sensory acceptability. Two broiler strains were reared: a commercially available strain (strain A) and a strain currently in the test phase (strain B) that has been genetically selected to maximize breast yield. Broilers were harvested in a pilot scale processing plant using commercial prototype equipment at 42 d of age. Carcasses were deboned at 4 h postmortem. The left half of each breast was evaluated for pH, color, cooking loss, shear force, and proximate analysis. The right side of each breast was used for consumer acceptability testing. Thigh meat was evaluated for proximate composition. No interactions were observed throughout the study. Male broilers had a higher (P < 0.05) live BW, carcass weight, and breast weight and lower (P < 0.05) dressing percentage and breast meat yield when compared with females. Broilers from strain B presented a higher (P < 0.05) breast yield and dressing percentage than those broilers corresponding to the commercially available broiler strain. At 24 h postmortem, female broilers presented a lower ultimate pH and higher Commission internationale de l'éclairage yellowness values (ventral side of the pectoralis major) when compared with male broilers. On average, no differences existed (P > 0.05) among treatments with respect to pH decline, cooking loss, shear values, and proximate composition. In addition, no differences (P > 0.05) existed among breast meat from the different strains with respect to consumer acceptability of appearance, texture, flavor, and overall acceptability, but breast meat from strain B was slightly preferred (P < 0.05) over that of strain A with respect to aroma. However, breast meat from both strains received scores in the range of "like slightly to like moderately." Overall data suggest that all treatments yielded high quality breast and thigh meat and strain cross did not present variability in terms of consumer acceptability.
INTRODUCTION
The United States is one of the world's largest producers and exporters of poultry meat, and the demand for poultry products in foreign and domestic markets has increased as a result of the accelerated increase in global population and the consumer perception of the health benefits of poultry meat (FAO, 2008) . Consumers also acknowledge the convenience of portioned retail cuts at relatively low prices in contrast to beef or pork meat (Jaturasitha et al., 2008) . In the past couple of decades, changes have occurred in poultry meat market trends and consumers have shifted from the consumption of the whole chicken to the consumption of cuts (especially breast fillets) and further processed products (McKee and Sams, 1998; Mehaffey et al., 2006; Abdullah et al., 2010) . Poultry meat and poultry meat products are important components in the diet of developed countries, and their consumption is affected by various sensory properties such as color, tenderness, and flavor (Resurreccion, 2002) .
These changes have driven the poultry industry to put an emphasis on the improvement of breast meat yield and muscle mass development (Abdullah et al., 2010) . For these reasons, the breeder industry constantly strives to improve the genetic selection for efficiency in growth performance and carcass traits of poultry (Mehaffey et al., 2006) . These improvements in the poultry industry warrant research into the effect that broiler strains that are selected to maximize growth and sex have on meat characteristics (Le Bihan-Duval et al., 1999; Jaturasitha et al., 2008) . Therefore, this study was performed to determine the effect of strain and sex on carcass characteristics, meat quality, and sensory attributes.
MATERIALS AND METHODS

Bird Husbandry and Treatments
A total of 800 chicks from 2 genetic broilers strains, one commercially available (A) and the other in development and test phases (B) to optimize broiler performance, were obtained from a research hatchery, sexed, and vaccinated for Marek's disease, Newcastle disease, and infectious bronchitis. Male and female broilers from each strain were randomly placed in 16 floor pens with 50 birds/pen (0.08 m 2 /bird), resulting in sex and strain being the factors evaluated (4 treatments, 4 replications each). Blocks corresponded to the area within the broiler house. Each pen was equipped with a hanging feeder, a nipple drinker line, and built up litter (previously used soft wood shavings). Birds consumed feed in mash form and water on an ad libitum basis. A common starter diet containing 22% CP and 3,100 kcal/kg of AME n was fed from 0 to 21 d of age, and a common grower diet containing 19% CP and 3,125 kcal/kg of AME n was fed from 21 to 42 d of age. Photoperiod consisted of 23 h of light and 1 h of dark during the whole experiment. All animal procedures were approved by the Mississippi State University Institutional Animal Care and Use Committee.
Sample Preparation
At 42 d of age, 8 broilers from each experimental unit (total of 32 birds/treatment) were randomly selected for processing and the whole breast and thigh were removed 4 h postmortem. Broilers were hung by the feet in steel shackles and were electrically stunned by manually placing the heads in a saturated saline bath (11.5 V, <0.5 mA with alternating to direct current for 3 s). The shackles line speed was constant and set so that approximately 22 broilers were stunned per minute. Unilateral neck cutting was manually performed immediately after stunning, and bleeding lasted for 140 s. Upon completion of exsanguination, the broilers were scalded at 53.3°C for 191 s, picked for 35 s using a rotary drum picker (Baader-Johnson, Kansas City, KS), and mechanically eviscerated. After evisceration, 3 to 5 carcasses from each treatment per replication (total of 64 samples) were selected for 15 min postmortem pH measurements (pH 15 ) to evaluate pH decline after slaughter. After harvest, all broiler carcasses were chilled with static ice water (0-2°C) in metal (173 cm length, 85 cm width, 68.5 cm depth) and rubber (142 cm length, 81 cm width, 50.8 cm depth) containers. At 4 h postmortem, breast (boneless and skinless) and thigh (bone-in) muscles were manually deboned from the carcass. A total of 128 whole breasts and thighs were placed into individually labeled Ziploc bags (SC Johnson and Son Inc., Racine, WI), brought to the food science processing plant, and cooled (2°C) overnight. At 24 h postmortem, each whole breast was separat- (Zhuang et al., 2007; Corzo et al., 2009; Schilling et al., 2010) until proximate analysis (thigh, n = 64; breast, n = 112), cook loss (n = 96), and shear force (n = 96) determinations could be performed. The breasts halves corresponding to the right side were bagged (4 breasts/bag), vacuum packaged (40.64 × 50.8 cm, 4 mil vacuum pouch; 75001987; Rebel Butcher Supply Co. Inc.), and frozen (−23°C) until consumer acceptability testing could be performed. Thigh meat samples were placed into labeled Ziploc bags (SC Johnson and Son Inc.) and frozen (−23°C) until proximate analysis could be performed.
pH Measurement
Instrumental pH measurements were taken at 15 min postmortem on 3 to 5 breast fillets (left side) within each treatment and replication (n = 64). A pH meter (Accumet Portable AP 6, Fisher Scientific, Waltham, MA) with a meat-penetrating pH probe (model 05998-20, Cole-Parmer, Vernon Hills, IL) was inserted 2.5 cm below the pectoralis major muscle at approximately 2.5 cm from the top of the breast and 2.5 cm from the breast bone. At 24 h postmortem, ultimate pH (pH 24 ) measurements (n = 128) were taken for each sample using the same pH meter and probe in the same anatomical location as used in the pH 15 measurements.
Color Measurement
Instrumental color measurements were taken for 8 breast fillets (left side) within each replication (n = 128). Three measurements were taken on the ventral (top) side of the pectoralis major muscle and dorsal (bottom) side of each breast fillet using a chromameter (C 8202489, Chromameter model CR-400, Konica Minolta, Ramsey, NJ). Color for each sample was expressed in terms of Commission internationale de l'éclairage values for lightness (L*), redness (a*), and yellowness (b*). Additionally, a standard Minolta calibration plate (white calibration plate, no. 18433006) was used to calibrate the chromameter before testing.
Cook Loss
Cook loss was determined by cooking 6 breast fillets from each experimental unit (n = 96). Prior to cooking, the frozen samples were thawed at 2°C overnight. Raw weights were taken on each breast fillet. Breast fillets were baked at 177°C in an oven (JBP25DOJ2WH, gen-eral Electric, Louisville, KY) to a final internal temperature of 77°C. Internal chicken breast temperatures were assessed using meat thermometers (78631, Farberware, Westbury, NY) by inserting the thermometers in the thickest portion of each breast sample. Cooked breast fillets were removed and cooled to ambient temperature, and residual moisture was removed from each fillet with a paper towel before reweighing. Cooking loss was reported as a percentage and calculated as follows:
% cook loss = [(raw weight − cooked weight)/ raw weight] × 100.
Instrumental Shear Force Analysis
Tenderness was assessed following a procedure similar to those described by Meek et al. (2000) , Jaturasitha et al. (2008), Corzo et al. (2009), and Schilling et al. (2010) . Breast fillets that were used for cooking loss determinations were used for shear force determinations. Six adjacent strips (1 cm wide × 1 cm thick × 2 cm long) were cut from the cooked breast fillets, parallel to the direction of the muscle fibers. Each strip was sheared once and the mean was calculated for each breast. Samples were sheared perpendicular to the muscle fiber using a Warner-Bratzler shear attachment that was previously attached to an Instron Universal Testing Machine (model 3300, Instron, Norwood, MA) using a 50-kg load transducer and a cross speed of 200 mm/min. Shear force (N) was reported as the highest peak in the texturegram.
Proximate Analysis
Four thigh meat samples and 4 breast meat samples from each replicate unit (n = 64) were used to measure fat, protein, and moisture percentage using a near-infrared spectrometer (Food Scan Lab Analyzer, model 78800, Foss Analytical, Eden Prairie, MN) approved by AOAC (method 2007-04; AOAC, 2007) . Fresh samples were ground with a meat grinder (Cabela's PRO 450, Cabela's, Sidney, NE) that was fitted with a 3-mm (1/8 inch) grinder plate. ground samples were packed tightly in a 140-mm sample cup before analysis.
Sensory Evaluation
A triangle test (n = 60) was performed to determine whether consumers could perceive a difference between chicken breast meat from male broilers from the different genetic strains. Chicken breasts, which were previously frozen (<−23°C), were thawed at 2°C for 24 h before sensory testing and placed on broiler pans for even distribution of heat during cooking. Thermocouples (UWTR, Omega Engineering, Stamford, CT) were inserted in the thickest portion of each breast sample and baked to an internal temperature of 77°C. Baked breasts were cooled at room temperature for 15 min, cut into cubes (2.5 × 2.5 × 2.5 cm), and kept warm (60-70°C) for no more than 30 min in 8-quart (7.6 L) chafer dishes (53042, Polarware Co., Kiel, WI) until panelists evaluated the samples. Random 3-digit numbers were assigned to identify the samples. Water and unsalted crackers were provided, and panelists were asked to expectorate and rinse the mouth between each sample. For every session, each panelist received 3 containers of chicken breast in which 2 were the same treatment and 1 was different. The presentation order of the 3 samples was randomized for each panelist to account for bias. Panelists were asked to choose the sample that was different from other 2 samples. Panelists evaluated chicken breast samples in separate booths in a well-ventilated and temperature-controlled room under fluorescent lighting. Panelists were provided with water (Mountain Spring Water, Blue Ridge, gA), unsalted crackers (Premium, Nabisco, East Hanover, NJ), and expectorant cups (to remove residual flavors in between sample evaluation).
Because consumers could perceive differences between breast meat from the 2 strains of broilers, 2 consumer-based sensory panels (n = 60 panelists/replication) were conducted to evaluate the acceptability of chicken breast meat from male broilers from the 2 strains. Each panel consisted of students, staff, and faculty at Mississippi State University (Mississippi State), and panelists varied from replication to replication. Chicken breast samples were prepared using methods identical to those used for the triangle test. Random 3-digit numbers were assigned to identify the samples. Sample order was randomized to account for sampling order bias. Each panelist was asked to evaluate 2 coded chicken samples, 1 sample from male broilers of each strain (A and B), for appearance, aroma, texture, flavor, and overall acceptability using a 9-point hedonic scale in which 1 = dislike extremely, 5 = neither like nor dislike, and 9 = like extremely (Meilgaard et al., 2007) .
Statistical Analysis
The study followed a randomized complete block design in which each floor pen was the experimental unit, and floor pens were blocked by area of the broiler house. A factorial arrangement of treatments (strain × sex) was used to test the effect of strain and sex on pH 15 , pH 24 , color, cooking loss, shear force, and proximate analysis of broiler breast and thigh meat (SAS version 9.2, SAS Institute, Cary, NC). When significant differences (P < 0.05) existed among treatments, the Fisher's protected least significant difference test was used to separate treatment means. In addition, a randomized complete block design (replication as blocks) with 2 replications was used to test the treatment effects (P < 0.05) of strain on texture, aroma, flavor, and overall acceptability (Meilgaard et al., 2007 ). Fisher's least protected significant difference test was used to separate treatment means.
RESULTS AND DISCUSSION
Live Performance and Carcass Traits
No interactions were found between strain and sex for any of the growth performance and carcass parameters evaluated. Male and female broilers slaughtered at 42 d of age were significantly different with respect to live BW (Table 1) . As expected, the male broilers were heavier (P < 0.05) than females. Differences in growth performance, BW, and breast yields among sex were in agreement with those previously documented (Young et al., 2001; Kidd et al., 2005) . No differences existed between the 2 strains evaluated with respect to live BW (Table 1) . Mehaffey et al. (2006) evaluated 5 of the strains most commonly used by the poultry industry and showed that at 6 wk of age most of the strains had no significant differences among them with respect to BW and reported a BW in the range of 2.0 to 2.2 kg. These results contrast with the outputs of our study, where average means of BW were around 2.4 kg, perhaps elucidating the effect of genetic selection on carcass growth over the past 4 yr (Table 1) . Bird live BW uniformity was calculated for each pen and no differences (P > 0.05) attributable to strain or sex were found.
Carcass and breast weight was measured at 42 d of age and significant differences attributable to sex were observed. As expected, male broilers had heavier carcass and breast weight compared with female broilers. Effects of strain and sex were observed in dressing percentage and boneless, skinless breast yield. As expected, male broilers had a lower dressing percentage when compared with females (Kidd et al., 2005) . Broilers from strain B showed a higher (P < 0.05) dressing percentage and boneless, skinless breast yield than those from strain A. Whereas strains did not differ in live weight, strain B broilers had a significantly higher dressing percentage and breast meat yield, thus exemplifying the differences between strains in terms of yields.
pH and Color
After harvesting, postmortem glycolysis is activated and accumulation of lactic acid in the muscle is increased, which results in a decline in pH. This pH value is one of the important parameters for quality profiling of meat (El Rammouz et al., 2004) . A dramatic pH decline is associated with protein denaturation and can negatively affect meat quality attributes by causing pale color, low water-holding capacity (WHC), and soft texture (Mehaffey et al., 2006; Schilling et al., 2008) . No significant strain or sex effects were observed in muscle pH 15 (Table 2) . On average, no treatments had pH 15 values lower than 6.0 (Schilling et al., 2008) , suggesting that no protein denaturation issues existed within strain or sex. Previous studies have reported that lower pH (5.7) at 24 h postmortem indicates poor meat quality that is characterized by protein damage, lighter meat color, and reduced WHC, all of those being typical characteristics of pale, soft, and exudative meat (Van Laack et al., 2000) . At 24 h postmortem, the pH values on breast meat between sex showed female broilers having a lower pH 24 The normal color of the surface of raw broiler meat is bright red-pink in the aerobic environment because of the presence of oxymyoglobin (Mancini and Hunt, 2005) . generally, raw broiler breast meat appears to have a pink color, which is a desirable characteristic to the consumer. The color of meat can be affected by different factors such as heme pigments, strain, sex, moisture content, physical state of the protein, and stress, among others (Le Bihan-Duval et al., 1999; Mehaffey et al., 2006; Jaturasitha et al., 2008) . No sex or strain effects were observed for color measurements from the dorsal side of the breast meat fillet (Table 2) . Conversely, no strain effects were observed from the ventral side, but females broilers exhibited a higher yellowness (b*) (Owens et al., 2000; Van Laack et al., 2000; Zhuang and Savage, 2010) . Overall, the mean pH and L* values for all the treatments in this study ranged from 5.8 to 6.0 and 53 to 56, respectively, which are in the range of normal pH and L* values for broiler breast meat (Van Laack et al., 2000) .
Cooking Loss, Shear Force, and Proximate Analysis
Cooking loss is an indicator of WHC, which is an important attribute of meat because of its relationship with other attributes that can critically affect meat quality. Mehaffey et al. (2006) noticed fewer WHC variations from minimally aged broiler breast meat from different strains when they evaluated cook loss and drip loss. In this study, no effects were found of strain and sex (Table 2 ) on cooking loss of broiler breast meat from broilers that were slaughtered at 42 d of age, which suggests that WHC was not affected.
Similarly, no differences existed for strain or sex for mean shear force (Table 2 ). All shear force values (means and individual breasts) were lower than 30 N, suggesting that samples were sufficiently tender and therefore would be highly accepted by consumers (Owens et al., 2000; Schilling et al., 2003; Corzo et al., 2009 ). In addition, strain or sex had no effects for proximate analysis of breast and thigh meat (Table 3) , thus suggesting similar composition of these at the skeletal muscles level.
Sensory Evaluation
For the triangle test, flavor and texture sensory differences (P < 0.05) existed between breast meat from the 2 broiler strain treatments. Twenty-seven out of 60 people (45%) chose the correct sample, which is a greater probability than 1/3 (33.3%), the probability of randomly guessing which chicken breast sample is different. This evidence demonstrates that consumers could potentially determine sensory differences between breast meat samples. Therefore, consumer acceptability testing was conducted for subsequent replications to determine whether potential sensory differences would affect consumer acceptability. With respect to consumer acceptability, minimal differences were found among the 2 male strains. The broilers from strain B had higher acceptability ratings (P < 0.05) with regards to aroma, which was in the range of "like slightly" to "like moderately" on the 9-point hedonic scale (Table 4 ). In addition, no differences (P > 0.05) were observed between the 2 strain crosses for appearance, texture, flavor, and overall acceptability. These results are similar to those reported in other studies (Corzo et al., 2009; Schilling et al., 2010) . Average scores for texture were in agreement with the lack of difference between treatments with respect to shear force values. Acceptability scores from strain A and strain B were close to those reported by Corzo et al. (2009) . These researchers previously reported that baked breast meat from broilers that were fed control diets and diets with a percentage of DDgS had acceptability scores between like slightly and like moderately. In addition, lack of differences in acceptability among treatments indicates that potential sensory differences that were indicated by triangle test would not affect product acceptability.
Overall, the data indicate that broilers varying in sex and strain cross have similar sensory and compositional characteristics; therefore, consumers are unlikely to detect differences in the aforementioned attributes. This indicates that strain B could be used to maximize yields without compromising meat quality. 1 Based on a 9-point Hedonic scale: 1 = dislike extremely, 5 = neither like nor dislike, 9 = like extremely.
